Mitral valve prolapse, the most common inherited cardiovascular condition, has been associated with a variety of signs, symptoms and electrocardiographic abnormalities, but the true spectrum of the mitral prolapse syndrome remains in doubt because clinicalfindingsoften contribute to patient identification and their prevalence in patient groups may be overstated because of ascertainment bias. Accordingly, clinical findings in 88 patients with echocardiographic mitral prolapse were compared with those in 81 of their adult first degree relatives with mitral prolapse (a group free of ascertainment bias) and in two control groups without mitral prolapse: 172 first degree relatives and 60 spouses. Comparison of relatives with and without mitral prolapse demonstrated true associations between mitral prolapse and clicks or murmurs, or both (67 versus 9%, p < 0.001), thoracic bony abnormalities (41 versus 16%, p < 0.001), systolic blood pressure less than 120 mm Hg (53 versus 31%, p < 0.001), body weight 90% or less of ideal (31 versus Mitral valve prolapse, which occurs in 4% or more of adults (1-4), is the most common inherited human cardiac abnormality (5-8). The diagnosis of mitral valve prolapse is generally made by detection of typical auscultatory (9-11) or echocardiographic (5, (12) (13) (14) findings. However, many ©1986 by the American College of Cardiology 14%, P < 0.005) and palpitation (40 versus 24%, p < 0.01). In contrast, relatives with mitral prolapse showed no significant increase over normal relatives or spouses without mitral prolapse in prevalence of chest pain, dyspnea, panic attacks, high anxiety or repolarization abnormalities, but these features were all more common in women than in men (p < 0.01 to < 0.001).
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Thus, the true spectrum of the mitral prolapse syndrome encompasses a midsystolic click and late systolic murmur, thoracic bony abnormalities, low body weight and blood pressure and palpitation. Other suggested clinical features, including nonanginal chest pain, dyspnea, panic attacks and electrocardiographic abnormalities, have appeared to be associated with mitral valve prolapse because of ascertainment bias and an erroneous classification of differences between men and women as being due to mitral valve prolapse.
(J Am Coil CardioI1986; 8:763-72) patients with mitral valve prolapse present to the physician with a variety of features which together have been perceived to constitute a mitral valve prolapse syndrome. These include symptoms such as nonanginal chest pain (10, (15) (16) (17) (18) (19) , palpitation (10, 15, 17, 18) , exertional dyspnea (l0, 15, 17, 18) and intense anxiety and panic attacks (20, 21) . A high prevalance of repolarization abnormalities on the electrocardiogram (10, 15, (16) (17) (18) (19) and bony thoracic deformities (10, 15, (22) (23) (24) (25) (26) (27) have also been noted among patients with mitral valve prolapse. Because these signs and symptoms are thought to be characteristic of mitral prolapse, their presence prompts consideration and recognition of prolapse when it exists. Thus, retrospective analysis of symptoms and signs in patient groups with mitral prolapse may be subject to ascertainment bias (28) . This bias can be described as the tendency for patients with a condition who have symptoms and disease manifes-0735-1097186/$3.50 MITRAL PROLAPSE SYNDROME lACC Vol. 8. No. 4 October 1986:763-72 tations of more than average severity to seek medical attention and to be enrolled in research studies more frequently than less severely affected subjects with the same condition (28) , Furthermore, many patients with mitral prolapse encountered in clinical practice are asymptomatic (29) , and frequent discordances exist among manifestations of prolapse (18) . Unfortunately, available studies of relatively unselected subjects and controls have generally examined only one or a limited number of clinical features of mitral prolapse (20, (25) (26) (27) 30, 31) . Thus, the clinical features of the mitral valve prolapse syndrome remain to be clarified.
In inherited conditions, family studies are a useful tool for elucidating the spectrum of disease expression, because detection of affected relatives depends only on family membership, not on clinical manifestations. Therefore, to establish the clinical features of mitral valve prolapse, we studied 88 patients with echocardiographic mitral valve prolapse and their nuclear families, including adult first degree relatives with and without mitral prolapse and spouses without mitral prolapse. This study design provided a control group that shared both genetic and environmental influences with affected relatives and an unrelated control group that shared environment but not genetic background with probands and affected relatives.
Methods
Subjects. Eighty-eight subjects were enrolled as probands based on the criteria of I) reproducible echocardiographic mitral valve prolapse diagnosed on two or more occasions by standard criteria (5, 14, 32) , and 2) availability and willingness of members of the proband's nuclear family to participate in the study. No subject had evidence of the Marfan or Ehlers-Danlos syndrome. No difference existed between the probands of our families and potential probands whose families were not available for study with regard to age, sex, auscultatory findings, pattern of echocardiograpic prolapse or symptoms. All consenting first degree relatives aged 16 or over (n == 253) are included in this study.
Spouses of probands and of relatives were also studied (n == 60) as a genetically unrelated control group. Each subject gave informed consent under a protocol approved in February 1980 and March 1983 by The Committee on Human Rights in Research of Cornell University Medical College.
Clinical evaluation. Each subject underwent the following evaluation: I) a standard questionnaire based on World Health Organization method (33) was administered to evaluate chest pain, palpitation and dyspnea; 2) the responses to this questionnaire as well as additional medical history were reviewed with each patient by two investigators and results were recorded for later review before auscultation or echocardiography was performed; 3) a physical examination was performed with particular attention to the cardiovascular system and to features of connective tissue disease; and 4) an M-mode echocardiogram and simultaneous phonocardiogram were performed. Two-dimensional echocardiograms were also performed on most subjects. The physical examination, echocardiogram and electrocardiogram were interpreted independently by separate investigators.
Assessment of symptoms. The symptom questionnaire elicited yes or no answers in response to nine questions regarding chest pain, four concerning palpitation, six concerning dyspnea and two concerning syncope. Each positive answer was further characterized at the time of evaluation to determine the frequency, quality, duration and provoking factors for each symptom and its abnormality or normality (for example, dyspnea with intense effort). The symptom questionnaires were coded and scored blindly in batches of 50 to 100 questionnaires to prevent knowledge of echocardiographic and auscultatory findings from influencing classification of symptoms. Each symptom was further classified from the coded questionnaires according to a detailed taxonomy (for example, for palpitation: premature beats, brief tachycardia [< I minute], sustained tachycardia, sustained tachycardia requiring antiarrhythmic treatment, tachycardia with panic attacks and so on).
Panic attacks and anxiety proneness. The diagnosis of panic attacks was made using a semistructured interview based on Feighner research criteria (34, 35) . Information concerning possible organic causes of panic attacks (paroxysmal supraventricular tachycardia, hyperthyroidism) was also elicited (35) . The diagnosis of panic disorder was based on DSM-III criteria. Anxiety proneness was assessed by the trait portion of Spielberger's State-Trait Anxiety inventory, an index designed to measure chronic levels of anxietyrelated symptoms (36) . Increased anxiety proneness was identified by a trait score over 50, equivalent to at least the 95th percentile among normal subjects (35) .
Physical examination. Auscultation was performed with subjects in the supine, left decubitus and sitting positions, and with handgrip isometric exercise (10, 11) . The occurrence of a midsystolic click or clicks and of a late systolic or holosystolic murmur was noted, as was the absence of auscultatory features compatible with mitral valve prolapse. The presence of pectus excavatum, straight back, narrow anteroposterior chest diameter or scoliosis was noted from inspection of the bony thorax (26) . Blood pressure was recorded by arm cuff mercury manometry, using the first and fifth phases of the Korotkoff sounds; the patient's height and weight were recorded at the time of study.
Electrocardiograms. These were obtained using three channel recorders exceeding American Heart Asssociation frequency response standards (37) . Inferior repolarization changes were considered present when horizontal or downsloping ST segment depression reached or exceeded 0.5 mm (0.05 mY) between 60 and 80 ms after the J point in two of standard limb leads II, III or aVF. Electrocardiograms were coded and read blindly.
Echocardiographic methods. M-mode echocardiograms were performed in all subjects using standard technique with 2.25 to 3.5 MHz focused transducers and commercially available echocardiographs, and recorded on lightsensitive paper at 50 mmJs. Echocardiographic mitral valve prolapse was diagnosed only if there was definite posterior buckling of valve leaflets in midsystole with 2 mm of posterior motion (late systolic prolapse), or more than 2 mm of displacement of the mitral leaflets posterior to the line connecting the valve's closure and opening points, with optimal transducer angulation (holosystolic prolapse) (5, 14) . Use of these criteria resulted in reproducibility of the diagnosis of mitral valve prolapse in 57 (95%) of 60 patients studied in this laboratory by blinded reading of echocardiograms obtained 5 to 54 months apart (32) . Two-dimensional echocardiograms were recorded on 0.75 or 0.5 inch (1.91 or 1.27 em) videotape using an ATL 300 Ie echocardiograph (Advanced Technology Laboratories) or a Diasonics 400 DRF echocardiograph (Diasonics, Inc) in 312 subjects. Three (1%) of these subjects were revealed to have an erroneous diagnosis. The presence (one instance) or absence (two instances) of mitral valve prolapse by M-mode criteria (in each instance because of thoracic deformity or chronic lung disease) and hence were reclassified on the basis of parastemallong-axis two-dimensional findings.
Statistics. Statistical significance of differences between groups was assessed by the chi-square test with Yates' continuity correction. The prevalence of each auscultatory finding was compared between groups, whereas different types of thoracic bony abnormalities, atypical chest pain, palpitation corresponding to arrhythmias and other symptoms were both considered individually and pooled for further analysis to conform to the practice in most previous reports on mitral prolapse. The conclusiveness of negative results was assessed by calculation of 95% confidence limits by the method of Detsky and Sackett (38) .
Results
Subjects. The 88 probands included 62 women and 26 men, ranging in age from 16 to 65 years (mean 40 ± 12, SD). Two hundred fifty-three adult first degree relatives were studied, constituting 85% of those potentially available. The 81 first degree relatives with echocardiographic mitral valve prolapse included 56 women and 25 men, ranging in age from 16 to 71 years (mean 38 ± 14), and the 172 first degree relatives without echocardiographic prolapse included 80 women and 92 men, ranging in age from 16 to 84 years (mean 42 ± 16). Because of the tendency for relatives with mitral valve prolapse to be disproportionately female and younger than those without prolapse, all comparisons were performed both between the entire groups and after substratification for sex and age (16 to 50 versus 51 to 84 years). No difference between age groups attained statistical significance and accordingly these results are not presented. Furthermore, because of the possibility that relatives with both auscultatory and echocardiographic features of mitral valve prolapse might be more severely affected than those with echocardiographic mitral prolapse alone, substratification was also performed according to the presence or absence of typical auscultatory features.
As an additional genetically unrelated control group, 60 spouses of probands and relatives were studied, including 42 men and 18 women ranging in age from 25 to 66 years. None had echocardiographic evidence of mitral valve prolapse.
Auscultatory findings. One or more midsystolic clicks and a late or holosystolic murmur, or both, were present in 77 (87%) of the 88 probands, in 54 (67%) of 81 relatives with echocardiographic mitral prolapse (p = NS versus probands), in 15 (9%) of 172 relatives without echocardiographic mitral prolapse (p < 0.001 versus both prolapse groups) and in 2 (3%) of 60 spouses (p < 0.001 versus both groups with echocardiographically documented mitral valve prolapse). Further details of auscultatory findings are presented in Table 1 .
Other physical and electrocardiographic findings (Tables 2 to 4). Thoracic bony abnormalities previously associated with mitral valve prolapse (that is, pectus excavatum, decreased anteroposterior diameter, straight back or scoliosis) were present in 41% of probands and relatives with mitral prolapse, but in a much lower percentage of *p < 0.0I. Percentages do not necessarily add up to 100 because some subjects had more than one typical thoracic abnormality whereas others had anincreased anteroposterior chest diameter associated with emphysema. MYP = mitral valve prolapse.
lACC Vol. 8, No.4 October 1986:763~72 relatives without echocardiographic mitral prolapse (16%) or spouses (10%) (both p < 0.001 versus both groups with mitral prolapse). The prevalence of specific types of thoracic bony abnormality among men and women in each subject group is given in Table 2 , Relatives with mitral prolapse were more likely to weigh90% or less of the Metropolitan Life Insutance Company's ideal body weight for height (Fig.  1) . A significant shift of the distribution of systolic blood pressure toward lower levels was also observed in women with mitral prolapse (Table 3 ). In contrast, the prevalence of inferior ST segment depression of 0,5 mm differed less strikingly among the studied groups (Table 4 ), In particular, although repolarization abnormalities were common in women probands with mitral prolapse (37%, p < 0.01 versus both relative groups), these changes were equally prevalent in relatives with and without this condition.
Symptoms (Tables 5 to 7 ). Palpitation conforming descriptively to various classes of arrhythmia (Table 5 ) occurred in 54 (61%) of 88 probands, 32 (40%) of 81 affected relatives (p = NS versus probands with prolapse), in 24% of unaffected first degree relatives (p < 0.01 versus affected relatives) and in 22% of spouses (p = NS versus unaffected relatives). Thus a significant association between mitral valve prolapse and palpitation was documented, which was even Proportion of subjects with body weight less than or equal to 90%, from 91 to 110% and III % or more of ideal weight among probands with mitral valve prolapse (MVP), adult first degree relatives with and without mitral prolapse and spouses without mitral prolapse. *p < 0.05, **p < 0.005, ***p < 0.001 versus relatives and spouses without mitral prolapse. more striking among male than among female relatives. This association of palpitation with echocardiographic mitral prolapse was not significantly affected by the presence or absence of auscultatory features. Nonanginal chest pain (Table  6) , dyspnea (Table 6 ) and panic attacks (Table 7) occurred in 39, 24 and 23% of probands, respectively, but in smaller percentages of affected and unaffected relatives and unaffected spouses. Other than palpitation, none of the symptoms we evaluated exhibited a significantly higher prevalence in relatives with mitral prolapse than that in either unaffected first degree relatives or genetically unrelated spouses without mitral valve prolapse. Similarly, no difference existed among groups in the distribution of prevalence of high levels of trait anxiety ( Table 7) . Irrespective of the presence or absence of-mitral prolapse, strikingly higher prevalences were observed among female than among male first degree relatives for both panic disorder (6 versus Body Weight as Percenl of Ideal es 590% 0 9 1-110% m~110% 0%, P < 0.005) and high trait-anxiety (10 versus 2%, p < 0.01).
To determine the degree of certainty that should be attributed to the lack of statistical differences in the prevalence of atypical chest pain, dyspnea, panic attacks or high state anxiety between affected and unaffected first degree relatives, we determined whether increases of 50 and 100% in the prevalence of these symptoms in relatives with mitral valve prolapse compared with those without prolapse would fall inside or outside 95% confidence limits calculated from our data by the method of Detsky and Sackett (38) . True increases of 100% in the prevalence of atypical chest pain ( + 17%), dyspnea ( + 8%) and panic attacks ( + 9%) all fell outside 95% confidence limits ( + 10 to -10%, + 3 to -8% and +2 to -9%, respectively), whereas true increases of 50% in the prevalence of dyspnea ( + 4%) and panic attacks (+4%) also fell outside 95% confidence limits. These results indicate that the present study has satisfactory statistical power for exclusion of associations strong enough to be clinically useful between mitral prolapse and these symptoms.
Relation of clinical features to diagnostic findings of mitral prolapse (Table 8) . To determine whether clinical features of mitral valve prolapse were more strongly related to echocardiographic or auscultatory findings of this condition, first degree relatives were classified into four groups based on the presence or absence of echocardiographic and auscultatory findings. A total of 55 first degree relatives had both echocardiographic and auscultatory signs of mitral valve prolapse, 26 had "silent" echocardiographic prolapse, 15 had clicks or late or holosystolic murmurs, or both, without diagnostic echocardiographic findings and 157 were normal by both methods. Thoracic bony abnormalities and palpitation occurred in higher proportions of each group of relatives with echocardiographic or auscultatory evidence, or both, of mitral prolapse than in the 157 normal first degree relatives. A slightly higher prevalence of these features was observe d in relatives with "silent" echocardiographic prolapse than in relative s with isolated auscultatory features, both for thorac ic bony abnormalities (42 versus 27%) and palpitation (54 versus 40%). In contrast, no difference in the prevalence of nonangin al chest pain, dyspnea , panic attacks or high anxiety existed among the four subgroups of first degree relatives.
Discussion
Clinical features of the mitral prolapse syndrome.
Despite an extensive medical literature both reporting and contesting associations between mitral valve prolap se and a variety of clinical signs and symptoms, no previous controlled study has undertaken a comprehensive analysis of No dif ference was statistica lly significant between relatives with and without mitral valve prolapse . However , in the study popul ation 29% of women but only 13% of men exper ienced atypical chest pain (p < 0.00 1), and 23% of women but only 8% of men experienced dyspnea (p < 0. 00 1). Abbreviations as in Table 2 .
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No difference existed in the prevalence of panic attacks or high anxiety scores between relatives with and without mitral valve prolapse . However. among first degree relatives 6% of women but no men met criteria for the diagnosis of panic disorder (p < 0.0005 ) and the proportion with trait anxiety scores 2: 50 was 10% among women compared with 2% among men (p < 0 .0 1).
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the strength of these associat ions in unselected subjects with mitral prolapse. In this study, we have obtained evidence that the clinical feature s of systolic clicks and murmurs , thoracic bony abnormalities, low body weight and blood pressure and palpitation are strongly assoc iated with echocardiographic mitral prolap se and thus constitute a distinct mitral valve prolapse syndrome. The differences in the prevalence of each of these findings between unselected subjects with mitral prolap se and two co ntrol groups were all highly significant (p < 0.01 to < 0.00 1).
In contrast, no significant difference was obser ved between first degree relatives with mitral prolapse and two separate control groups (unaffected first degree relatives and spouses) in the prevalence of atypical chest pain, dyspnea, panic attcks or high anxiety . These negative results were obtained not only among men but also among adult women in whom cardiac expression of the mitral prolapse gene or genes is nearly complete (6) , assuring that the control group of first degree female relatives without mitral prolap se does not have an appreciable admixture of unrecognized subjects with genotypic mitral prolapse . Use of auscultatory instead of echocardiographic criteria for the diagno sis of mitral prolapse had no effect on the lack of association between mitral prolapse and these symptoms ( Table 8 ). Calculations of the statistical power of our negative results by the method of Detsky and Sackett (38) indicate that associations between mitral prolapse and atypical chest pain, dyspnea , panic attacks or high anxiety of sufficient magnitude to be clini cally useful would fall outside the 95% confidence limits of our data . Thu s, the mitral valve prolapse syndrome is less inclusive than previou sly sugges ted in numerous publi shed reports.
This conclusion is in agreem ent with the results of several studies that analyzed the prevalence of specific signs and symptoms in comparable groups of subjects with and without mitral prolapse. teria similar to those used in the present study had no increase in the prevalence of nonanginal chest pain , dyspnea or nonspecific repolarization abnormalities compared with 2,723 subjects without mitral prolapse. They also found a tendency toward lower body weight and blood pressure among their subjects with mitral prolapse (31,39) similar to our findings in this study using specific cutoff points for weight and blood pressure and in a previous study in which mean values of these variables were examined (40) . Using a different approach to identification of subjects with and without mitral prolapse, Uretsky (41) found no difference in the prevalence of symptoms between patients with mitral prolapse and individuals without evidence of cardiovascular disease (the "worried well") seen in an internal medicine practice . Thus, the conclusions reached by our use of the family study method are supported by data from controlled studies of general population and clinical patient samples. Erroneous attribution of nonspecific findings to mitral valve prolapse. Our findings have several implications. The most important of these is that the widespread clinical assumption that mitral valve prolapse is a major cause of nonspe cific cardiovascular symptoms, including nonanginal chest pain, dyspnea and the diffuse autonomic discharge of panic attacks, is not supported by the results either of our comprehensive analysis or of previous controlled studies of specific clinical features. This is of particular importance becau se previous clinical studies have been interpreted to indicate that individuals with these nonspecific symptoms have mitral valve prolapse. The impact of these recommendations on potentially inappropriate use of medical care is illustrated by the fact that only approximately 7% of the more than 150 individuals referred annually to our echocardiography laboratory with the presumptive diagnosis of mitral valve prolapse based on such complaints have positive echocardiographic findings (Hawkins I, Goldberg HL, Devereux RB, unpublished data, 1983).
A partial explanation for previous erroneous reports of associations between mitral valve prolapse and atypical chest pain, dyspnea , panic attacks, proneness to high anxiety and inferior lead electrocardiographic repolarization abnormalities is provided by further analysis of our data . The prevalence of each abnormality was significantly (p < 0 .01 to < 0.001) greater in women than in men. Because mitral prolapse also occurs more frequently among women than among men (6, 39) , it would seem to be associated with these specific symptoms and repolarization abnormalities if analyses of sex-matched mitral prolapse and control groups had not been performed, as has been the case in previous clinical reports.
Extravalvular abnormalities associated with mitral valve prolapse. The results of our study and of previous controlled comparisons also indicate that patients with mitral valve prolapse commonly present features, such as thoracic bony abnormalities, low body weight and low blood pressure, that cannot readily be explained as direct consequences of the valvular abnormality. This supports the concept that mitral valve prolapse is a systemic disorder, possibly due to a defect in collagen or another connective tissue component (8, 29, 42) . The link between such a defect and arrhythmias , perceived clinically as palpitation may involve abnormalities of autonomic reflexes (43, 44) . Recent studies suggest that paroxysmal supraventricular tachycardia is the arrhythmia that is most strongly associated with mitral valve prolapse (45, 46) .
Prevalence of clinical findings in patients with echocardiographically documented mitral valve prolapse. Our results also provide a reasonable estimate of the prevalence of signs and symptoms of mitral valve prolapse in relatively unselected subjects. This is highest (54[67%] of 81) for the midsystolic clicks and late systolic murmurs by which mitral valve prolapse was first recognized and lowest (31 %) for body weight less than or equal to 90% of ideal body weight. By subtracting the prevalence of these features in each of our two control groups from that in relatives with mitral prolapse, one can obtain an estimate of the prevalence of each manifestation in subjects with echocardiographically documented mitral valve prolapse that is due to this condition rather than to nonspecific "background noise. " This estimated prevalence is highest for typical auscultatory features(58 and 64% respectively) and lower for thoracic bony abnormalities (25 and 31%), body weight less than or equal to 90% of ideal (17 and 23%) and palpitation (16 and 18%). The prevalence of typical clicks and murmurs observed in our relatives with mitral prolapse thus falls between the 87 to 92% observed in our probands and in the large series of patients with clinically recognized mitral prolapse recently reported by Nishimura et a!. (47) , and the 16% reported from the Framingham study on the basis of physical examinations by noncardiologists (31) . Because of the known temporal variability of auscultatory findings of mitral prolapse , it is likely that some of our subjects with "silent" echocardiographic mitral valve prolapse (based on a single careful examination) may manifest a typical midsystolic click or late systolic murmur at other times.
Recent reports (48, 49) suggest that the risk of infective endocarditis is higher in the subset of patients with mitral valve prolapse-approximately one-third based on the present data-who have a mitral regurgitant murmur than in the remainder who do not. Evaluation of unselected groups of individuals with mitral valve prolapse by Doppler echocardiography . performed in only a minority of subjects in the present study, will be important to establish the true prevalence of mitral regurgitation of various degreees in mitral valve prolapse.
The lower prevalence of other clinical features including palpitation, thoracic abnormalities and relatively low body weight, each present in 30 to 40% of relatives with mitral valve prolapse. may reflect weaker associations between these features and the mitral valve abnormalities recognized by echocardiography. Alternative, recent evidence (50) (51) (52) that mitral prolapse may be caused by a spectrum of mitral leaflet and anular abnormalities might provide an explanation for the varying prevalence of clinical features in patients with echocardiographic mitral prolapse if some features were selectively associated with specific types of mitral prolapse.
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